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VXUURXQGLQJV+RZHYHUVLQFHRGRPHWULFORFDOL]DWLRQDFFXPXODWHVHUURUVZLWKWLPHW\SLFDOPDSEXLOGLQJDSSOLFDWLRQV
EDVHGRQPRELOHURERWVUHTXLUHWKHLQWHJUDWLRQRIPXOWLSOHVHQVRUV
7KHUHIRUH LQRUGHU WRFRPSHQVDWHIRUFXPXODWLYHRGRPHWU\HUURUVD.DOPDQILOWHU LVRIWHQ LQFRQMXQFWLRQZLWK
ODVHU UDQJHILQGHUV RU VRQDUV WKDW SURYLGH PRUH DFFXUDWH GLVWDQFH LQIRUPDWLRQ >@ $QRWKHU DSSURDFK IRU WKH
ORFDOL]DWLRQRIPRELOHURERWVXVHVWKH.DOPDQILOWHUWRSURFHVVYLVXDOGDWD>@
,QWKHDEVHQFHRISUHFLVHVHQVRUGDWDWKHRFFXSDQF\JULGDOJRULWKPFDQEHXVHGWREXLOGDPDSRIDQHQFORVXUH
XVLQJXQFHUWDLQGDWDREWDLQHGIURPQRLVHDIIHFWHGVHQVRUV>@
7KLVSDSHULQYHVWLJDWHVWKHGHVLJQDQGLPSOHPHQWDWLRQRIDQDXWRPDWLFPDSEXLOGLQJV\VWHPZKLFKXVHVWKH)HVWR
5RERWLQRPRELOHURERW7KHURERWLVUHTXLUHGWRQDYLJDWHDQGPDSDQHQFORVXUHRIXQNQRZQVKDSHDQGVL]HRQDWZR
GLPHQVLRQDO IORRUSODQ IRUZDUGLQJ GDWD WR D UHPRWH V\VWHP IRU SURFHVVLQJ DQG PDS UHQGHULQJ 7KH SURSRVHG
DOJRULWKPLQWHJUDWHVRGRPHWU\LQIRUPDWLRQWRORFDWHDQGSRVLWLRQWKHURERWZLWKLQLWVVXUURXQGLQJVLQIUDUHGGLVWDQFH
VHQVRULQIRUPDWLRQWRRULHQWDWHWKHURERWDQGKHOSLWQDYLJDWHWKHHQFORVXUHEDVHGRQDSUHGHILQHGFRQWUROORJLFDQG
LPDJLQJGDWDDVDIDOOEDFNIRUORRSFORVXUH
6\VWHPGHVFULSWLRQ
)LJ  VKRZV WKH DUFKLWHFWXUH RI WKH SURSRVHG V\VWHP XVHG IRUPDSSLQJ WKH HQFORVXUH 7KH V\VWHP LQFOXGHV D
PRELOHURERWHTXLSSHGZLWKVHQVRUVDQGDFDPHUD'DWDDFTXLUHGIURPWKHVHQVRUVRGRPHWU\LQIRUPDWLRQDQGUHDO
WLPHYLGHRIURPWKHZHEFDPHUDDUHSURFHVVHGRQWKHGDWDSURFHVVLQJ3&DQGWKHPDSLVEHLQJEXLOWDFFRUGLQJWR
WKHSURFHVVHGUHVXOWV


)LJ6\VWHPDUFKLWHFWXUH
$VSODWIRUPIRUSHUIRUPLQJ WKH UHTXLUHGPDSSLQJ WDVNVD)HVWR5RERWLQRPRELOH URERWZDVXVHG7KLV W\SHRI
PRELOH URERWV DUH RIWHQ XVHG LQ HGXFDWLRQ DQG UHVHDUFK D QXPEHU RI LQWHUQDWLRQDO URERWLFV FRPSHWLWLRQV EHLQJ
RUJDQL]HG IRU VROYLQJ VSHFLILF QDYLJDWLRQ DQG FRQWURO SUREOHPV 7KHVH FRPSHWLWLRQV LQFOXGH :RUOG6NLOOV
,QWHUQDWLRQDOFRPSHWLWLRQRU5RER&XS/RJLVWLFV/HDJXH
)HVWR5RERWLQRVKRZQLQ)LJDLVDQRPQLGLUHFWLRQDOPRGXODUURERWZKLFKUXQVD/LQX[RSHUDWLQJV\VWHPZLWK
DUHDOWLPHNHUQHO7KHFRQILJXUDWLRQHPSOR\HGXVHV,5GLVWDQFHVHQVRUVSODFHGRQWKHFLUFXPIHUHQFHRIWKHURERW
DFROOLVLRQGHWHFWLRQVWULSDWRSPRXQWHGZHEFDPHUD)LJEVKRZVWKHFRQILJXUDWLRQRIWKHURERW
VVHQVRUVXVHG
IRUQDYLJDWLRQ7KHURERWDFWVDVD:L)LDFFHVVSRLQWHQDEOLQJZLUHOHVVFRPPXQLFDWLRQZLWKWKHGDWDSURFHVVLQJ3&
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
)LJD)HVWR5RERWLQRPRELOHURERW>@E7KHURERW¶VVHQVRUV
)URPDVRIWZDUH VWDQGSRLQW WKH URERWH[HFXWHV5HPRWH3URFHGXUH&DOOV 53&V LVVXHGE\D0DWODEDSSOLFDWLRQ
UXQQLQJRQWKHGDWDSURFHVVLQJ3&7KLVLVGRQHE\DVHWRIGULYHUV'//ZKLFKWUDQVODWHVWKH0DWODELQVWUXFWLRQV
LQWR& IXQFWLRQ FDOOVZKLFK DUHSDVVHG IRU H[HFXWLRQ WR WKH URERW
V&$3,>@7KH53&FDOOV UHWXUQ VHWVRI
QXPHULFDO GDWD ZKLFK DUH WKHQ XVHG E\ WKH 0DWODE DSSOLFDWLRQ IRU EXLOGLQJ WKH PDS DV ZHOO DV QDYLJDWLQJ WKH
HQFORVXUH
7KHDXWRPDWLFPDSSLQJDOJRULWKP
7KHPDSSLQJDOJRULWKPLVLPSOHPHQWHGE\D0DWODEEDVHGDSSOLFDWLRQZKLFKUXQVRQWKHGDWDSURFHVVLQJ3&DQG
LWLVPDGHRIWZRPRGXOHVWKHQDYLJDWLRQPRGXOHDQGWKHPDSEXLOGLQJPRGXOH
7KHQDYLJDWLRQPRGXOHHQVXUHVWKHGDWDDFTXLVLWLRQIXQFWLRQIURPWKHURERW
VVHQVRUVZKLFKLVXVHGWRFRQWUROWKH
URERW
VPRYHPHQW7KLVLVGRQHXVLQJWKH53&FDOOVPHQWLRQHGEHIRUH
7KH RWKHU PRGXOH LPSOHPHQWV WKH RGRPHWU\ EDVHGPDS EXLOGLQJ IXQFWLRQDOLW\ RI WKH V\VWHP DV ZHOO DV XVHU
LQWHUDFWLRQ
$V DZKROH WKH DSSOLFDWLRQJHWV VSDWLDO GDWD UHSUHVHQWLQJ WKH ORFDOL]DWLRQRI WKH URERWZLWKLQ WKH VXUURXQGLQJ
HQYLURQPHQW DQG LVVXHVFRQWURO DFWLRQV WR WKH URERW
VRPQLGULYH V\VWHPDGMXVWLQJ LWV FRXUVH ,WXVHVRGRPHWU\ IRU
EXLOGLQJWKHPDSGLVWDQFHLQIRUPDWLRQIURPWKH,5VHQVRUVVLWXDWHGRQWKHFLUFXPIHUHQFHRIWKHURERWWRQDYLJDWHWKH
HQFORVXUHDQGWKHFROOLVLRQVHQVRUDVDVDIHW\PHDVXUHIRUDYRLGLQJEXPSLQJLQWRREVWDFOHVRUWKHHQFORVXUH
VZDOOV
7KHLPDJHLQIRUPDWLRQIURPWKHZHEFDPHUDLVXVHGWRFRPSHQVDWHIRUWKHFXPXODWLYHHUURUFDXVHGE\RGRPHWU\DQG
WRJHQHUDWHWKHVWRSFRQGLWLRQDIWHUFRPSOHWLQJDORRSZLWKLQWKHPDSSHGHQFORVXUH
)LJVKRZVWZRIORZFKDUWVUHSUHVHQWLQJWKHPDSSLQJDOJRULWKPDQGWKHLQWHUDFWLRQEHWZHHQWKHWZRFRPSRQHQWV
RIWKHDSSOLFDWLRQ
5RERWQDYLJDWLRQ
7KHSULPDU\UHDOLJQPHQWSURFHGXUHPDUNHGLQ)LJDE\WKHEORFN5HDOLJQLVXVHGWRDOLJQWKHURERWWRD
QHZO\GHWHFWHGZDOO7KLVLPSOLHVVWRSSLQJWKHURERWDQGURWDWLQJLWXQWLOLWLVIDFLQJSDUDOOHOWRWKHZDOO7KLVPHDQV
WKDW WKH IURQWGLVWDQFH VHQVRUGRHVQ
W GHWHFW DQ\WKLQJ DQG WKH DOLJQPHQWRI WKH URERW WR WKHZDOO LVZLWKLQQRUPDO
SDUDPHWHUV([SHULPHQWDWLRQSURYHGWKDWDGLIIHUHQFHRI9LQWKHYROWDJHVXSSOLHGE\WKHGLVWDQFHVHQVRUVLV
VXIILFLHQW HQRXJK WR SRVLWLRQ WKH URERW SDUDOOHO WR WKH ZDOO 7KH UHDOLJQPHQW SURFHGXUH LV ILQLVKHG ZKHQ WKH
GLIIHUHQFHEHWZHHQ WKHYROWDJHV VXSSOLHGE\ WKH WZR VHQVRUV DGMDFHQW WR WKHZDOO IROORZLQJ VHQVRU DUHZLWKLQ WKH
SDUDPHWHUVVSHFLILHGDERYHDQGWKHIURQWGLVWDQFHVHQVRUYROWDJHLVORZDSSUR[9


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
)LJ)ORZFKDUWVUHSUHVHQWLQJWKHQDYLJDWLRQDQGPDSEXLOGLQJFDSDELOLWLHVRIWKHV\VWHP
D7KHQDYLJDWLRQPRGXOHE7KHPDSEXLOGLQJPRGXOH
2QFHWKHSULPDU\UHDOLJQPHQWSURFHGXUHLVGRQHWKHGLUHFWLRQYHFWRULVXSGDWHGDQGWKHURERWVWDUWVPRYLQJLQ
WKH GLUHFWLRQ RI WKH ZDOO 7KH SULPDU\ UHDOLJQPHQW SURFHGXUH LV FDOOHG DJDLQ LI D QHZ ZDOO LV GHWHFWHG RQ WKH
WUDMHFWRU\RI WKH URERW7KLV LVPDUNHG LQ)LJE\ WKHEORFN&RUQHU"7KLVKDSSHQVZKHQ WKH URERW LV DOUHDG\
IROORZLQJDZDOODQGWKHYROWDJHVXSSOLHGE\WKHIURQWDOVHQVRUVLVRYHUDSUHGHILQHGWKUHVKROG7KLVWKUHVKROGLVVHW
LQVXFKDZD\DVWRUHDOLJQWKHURERWRQO\IRUFXUYHVZLWKRSHQLQJVJUHDWHUWKDQRWKHUZLVHWKHURERWXVHV
WKHGLVWDQFHVHQVRUVWRDOLJQLWVHOIWRWKHQHZO\GHWHFWHGZDOOZLWKRXWVWRSSLQJ
$VWKHURERWLVIROORZLQJWKHZDOOLWFRQVWDQWO\FKHFNVWKHDFWXDOGLVWDQFHWRWKHZDOOXVLQJWKHYROWDJHVXSSOLHG
E\WKHZDOOIROORZLQJVHQVRU
7KLVLVGRQHLQWKHGHFLVLRQEORFN³0DLQWDLQ&RXUVH´DQGLQYROYHVDGMXVWLQJWKHURERW
VGLUHFWLRQYHFWRULQRUGHU
WRPRYH LWFORVHU WRRU IXUWKHU IURPWKHZDOOZLWKRXWEULQJLQJ LW WRDKDOW7KHGLUHFWLRQYHFWRUVPHQWLRQHGDERYH
ZHUH JHQHUDWHG XVLQJ HTXDWLRQ  E\ URWDWLQJ WKH GHIDXOW GLUHFWLRQ YHFWRU > @7 E\  WR WKH OHIW DQG ULJKW
UHVSHFWLYHO\7KHYHFWRUV DUH DOORFDWHG DFFRUGLQJ WRZKLFKZD\ WKH URERW QDYLJDWHV WKH HQFORVXUH ± FORFNZLVH RU
FRXQWHUFORFNZLVH,IWKHGLVWDQFHEHWZHHQWKHURERWDQGWKHZDOOUHDFKHVDFULWLFDOPLQLPXPWKUHVKROGDIODJLVVHW
WKDWZLOO WULJJHU WKH UHWUHDW IXQFWLRQ LQ WKHQH[WSURJUDPF\FOHPRYLQJ WKH URERWDZD\ IURP WKHZDOO$VZHOODV
PDLQWDLQLQJ D FRQVWDQW GLVWDQFH WR WKH ZDOO WKH URERW DOVR FKHFNV ZKHWKHU LW LV IDFLQJ SDUDOOHO WR WKH ZDOO E\
FRPSDULQJ WKHYROWDJHYDOXHV UHWXUQHGE\ WKH WZRVHQVRUVDGMDFHQW WR WKHZDOO IROORZLQJVHQVRUDQGDGMXVWLQJ WKH
DQJXODU YHORFLW\ WR URWDWH WKH URERW DFFRUGLQJO\ %RWK WKH GLVWDQFH PDLQWDLQLQJ SURFHGXUH DQG WKH DOLJQPHQW
PDLQWDLQLQJ SURFHGXUH DFW DV WULSRVLWLRQDO FRQWUROOHUV $SDUW IURP WKLV WKH WZR IXQFWLRQV HQDEOH WZR IODJV WKDW
UHGXFHWKHURERW
VPRYHPHQWVSHHGLQRUGHUWRHQDEOHWKHURERWWRSHUIRUPWKHPDQHXYHUVVDIHO\
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0DSEXLOGLQJ
7KHPDSEXLOGLQJFDSDELOLW\RIWKHV\VWHPUHOLHVRQWKHXVHRIRGRPHWU\LQIRUPDWLRQWRHVWDEOLVKWKHQHFHVVDU\
SRLQWVIRUWKHPDS6LQFHRGRPHWU\DFFXPXODWHVHUURUGXHWRWKHLQWHJUDWLRQRIVSHHGLPDJHSURFHVVLQJLVXVHGWR
DSSO\FRUUHFWLRQVWRWKHUHVXOWLQJPDSLQVHYHUDOFRPSOHWHUXQVLQVLGHWKHHQFORVXUH
:KHQHYHU WKHURERWUHDOLJQVLWVHOI WRDQHZZDOODQLPDJHRI WKHSUHPLVHV LVFDSWXUHGVWRUHGDQGSURFHVVHGLQ
RUGHUWRSURGXFHDVHWRIODQGPDUNV$OVRWKHFRRUGLQDWHVRIWKHURERWUHWXUQHGE\RGRPHWU\DUHDVVRFLDWHGWRWKDW
LPDJH
7KHVHODQGPDUNVDUHODWHUXVHGGXULQJWKHQH[WODSVRIWKHHQFORVXUHWRFRPSHQVDWHIRUWKHRGRPHWU\HUURUV7KLV
DSSURDFKOHDGVWRDQLPSURYHPHQWLQWKHJHQHUDWHGPDSRQHDFKFRPSOHWHGODS
2QHDFKODSWKHFXUUHQWVHWRIODQGPDUNVLVFRPSDUHGWRWKHRQHFDSWXUHGLQWKHSUHYLRXVODS,IWKH\DUHIRXQGWR
EH VLPLODU WKH FXUUHQW RGRPHWU\ VHW ZLOO EH XSGDWHG ZLWK WKH DYHUDJH YDOXHV RI WKH SDUDPHWHUV IURP WKH WZR
RGRPHWU\UHDGLQJV



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 LLL RGRRGRRGR   
ZKHUH  7L \[RGR T  LV WKH RGRPHWU\ YHFWRU FRQWDLQLQJ WKH SRVLWLRQ FRRUGLQDWHV  \[ RI WKH URERW DQG WKH
RULHQWDWLRQ T DQGLLVWKHFXUUHQWODS
7KHLPDJHSURFHVVLQJRIIHUVDPHDVXUHRIWKHVLPLODULW\EHWZHHQWKHVQDSVKRWVWDNHQLQWZRFRQVHFXWLYHODSV$V
VKRZQLQHTXDWLRQDVLPSOHDQGQDWXUDOZD\ WRGR WKLV LV WRPHDVXUH WKHVXPRI WKHVTXDUHRI WKHGLIIHUHQFHV
EHWZHHQYDOXHVRIWKHLPDJHVWDNHQLQWKHSUHYLRXVDQGFXUUHQWODS
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,Q6PHDVXUHVWKHVLPLODULW\EHWZHHQLPDJHVRIWKHVDPHODQGPDUNVDQG NLPJ LVWKH  QPu SURFHVVHGLPDJH
WDNHQLQODSN7KHUHVXOWLQJYDOXHLQFUHDVHVDVWKHGLIIHUHQFHEHWZHHQWKHWZRLPDJHVLQFUHDVHV3ODFHVZKHUHWKH
FRUUHODWLRQEHWZHHQWKHWZRLPDJHVLVKLJKWHQGWREHORFDWLRQVZKHUHWKHWZRLPDJHVPDWFKZHOO>@
6LPXODWLRQDQGH[SHULPHQWDOUHVXOWV
7KHQDYLJDWLRQDOJRULWKPDQGWKHPDSEXLOGLQJFDSDELOLWLHVRIWKHV\VWHPZHUHWHVWHGLQWZRFDVHV
)RUWKHILUVWVFHQDULRDQLGHDOVLWXDWLRQZDVFRQVLGHUHGZKHUHWKHURERWZDVXQDIIHFWHGE\GLVWXUEDQFHVIULFWLRQ
IRUFHVRUZKHHOVOLGLQJ)RUWKLVSXUSRVHDVLPXODWHGHQFORVXUHZDVXVHGWKDWZDVLUUHJXODULQVKDSHKDGGLIIHUHQW
PDUNLQJVRQ WKH IORRUREVWDFOHV VPDOO RSHQLQJV LQ WKHZDOOV HWF7KH VLPXODWHG HQFORVXUHZDVSRVVLEOHZLWK WKH
VXSSRUWRI5RERWLQR6LPEHWDDSSOLFDWLRQ)LJVKRZVDYLHZRIWKHHQFORVXUHXVHGIRUVLPXODWLRQ

)LJ5RERWLQR6LPVLPXODWLRQJURXQG
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7KHUHVXOWLQJPDSLVVKRZQLQ)LJ$VVHHQ WKHVTXDUHEORFNVDORQJWKHWUDMHFWRU\DUHXVHGWRUHSUHVHQW WKH
URERW
VVSHHGZKLFKLVKLJKHUDORQJWKHVWUDLJKWZDOOVDQGORZHULQWKHGLIILFXOWVHFWLRQVRIWKHFRXUVH7KLVLVPRUH
REYLRXVLQWKHULJKWSDUWRIWKHPDSZKHUHWKHURERWKDGWRQDYLJDWHDORQJDZDOOPDGHRIEORFNVZLWKJDSVEHWZHHQ
WKHPZKLFKUHVXOWHGLQDMDJJHGOLQHGHQRWLQJWKHFRUUHVSRQGLQJZDOORIWKHHQFORVXUH

)LJ0DSJHQHUDWHGIRUWKH5RERWLQR6LPHQFORVXUH
)RUWKHVHFRQGVFHQDULRDQHQFORVHGSUHPLVHVZDVGHILQHGDVVKRZQLQ)LJ,WKDGDQLUUHJXODUVKDSHDQGZDV
TXLWHVPDOOLQVL]HOLPLWLQJWKHURERW
VPRYHPHQW$SDUWIURPWKLVWKHIORRUVXUIDFHKDGDQDEUDVLYHWH[WXUHZKLFK
ZDV QRW DEOH WR FRPSOHWHO\ HOLPLQDWH WKH VOLGLQJ HIIHFW RQ WKHZKHHOV WKH GLVWDQFH VHQVRUVZHUH DIIHFWHG E\ WKH
DPELHQW OLJKW DQG WKH UHIOHFWLYH SURSHUWLHV RI WKH ZDOOV WKHUH ZHUH GHOD\V LQ WKH ZLUHOHVV GDWD WUDQVIHU DQG WKH
RGRPHWU\GDWDZDVVHYHUHO\DIIHFWHGDVZHOO


)LJ7HVWJURXQGIRUWKHVHFRQGVFHQDULRDQGWKHRYHUODSSHGUHVXOWLQJPDS
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)LJVKRZVWKHUHVXOWLQJPDSLQVHYHUDOFRQVHFXWLYHUXQV$VVHHQWKHUHVXOWVIRUWKHILUVWUXQVKRZDGLVWRUWHG
PDSZLWKPXOWLSOHVSLNHVDORQJWKHZDOOVZKHUHDVWKHVXEVHTXHQWUXQVVKRZDQRWDEOHLPSURYHPHQWRIWKHUHVXOW

)LJ*HQHUDWHGPDSVIRUWKHUHDOFDVHVFHQDULR
&RQFOXVLRQ
7KHUHDUHWZRFKDOOHQJLQJWDVNVZKHQEXLOGLQJDPDSZLWKWKHDLGRIPRELOHURERWV7KHVHDUHURERWQDYLJDWLRQ
DQGFROOHFWLQJGDWDIRUWKHPDSJHQHUDWLRQSURFHVV,QWKLVSDSHUERWKLVVXHVZHUHDGGUHVVHG5RERWQDYLJDWLRQZDV
EDVHGRQDZDOOIROORZLQJDOJRULWKPDQGXVHGWKHGLVWDQFHVHQVRUVDQGDQWLFROOLVLRQVWULSDYDLODEOHRQWKH5RERWLQR
SODWIRUP,WSURYLGHGDVDIHWUDMHFWRU\RIWKHURERWDORQJZKLFKGDWDVDPSOHVIURPRGRPHWU\FRXOGEHFROOHFWHGLQ
RUGHU WR EXLOG WKHPDS 6LQFH EDVLF RGRPHWU\ GDWD LV QRW UHOLDEOH IRU EXLOGLQJ DQ DFFXUDWHPDS D VLPSOH LPDJH
SURFHVVLQJDOJRULWKPEDVHGRQYLVXDOODQGPDUNVZDVSHUIRUPHGWRFRUUHFWWKHRGRPHWU\LQIRUPDWLRQ
$VH[SHFWHGWKHV\VWHPGLGQRWSHUIRUPDVZHOOGXULQJWKHILUVWUXQLQWKHUHDOHQYLURQPHQWGXHWRWKHLQKHUHQW
FXPXODWLYHHUURUVFDXVHGE\RGRPHWU\+RZHYHUDIWHUVHYHUDOUXQVWKHVKDSHRIWKHUHVXOWLQJPDSLPSURYHGDVWKH
YLVXDOODQGPDUNVZHUHWDNHQLQWRDFFRXQWWRSURYLGHWKHQHFHVVDU\FRUUHFWLYHPHDVXUHV
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